1. Introduction {#s0005}
===============

A continuum of risk exists for tobacco products, with non-combustible products such as smokeless tobacco (SLT)[1](#fn1){ref-type="fn"} posing less risks to health than combustible cigarettes ([@b0100], [@b0120], [@b0240]). Using snus, an SLT product with low levels of tobacco-specific nitrosamines, poses less health risks than smoking, and complete switching from cigarettes to snus is associated with demonstrated decreases in morbidity and mortality due to lung cancer, respiratory disease, heart disease, and oral cancer compared to continued smoking ([@b0095], [@b0100], [@b0190]).

The lower risks of SLT and snus are, however, not well understood by the general public, with multiple studies indicating that most people incorrectly perceive SLT and snus to be as harmful or more harmful than cigarettes ([@b0035], [@b0050], [@b0065], [@b0085], [@b0090], [@b0220]). Misperceptions about SLT and snus are likely influenced by intuitive theories of how particular health harms arise. Compared to cigarettes, SLT and snus are often viewed as being more likely to cause oral cancer, equally likely to cause heart disease, and less likely to cause lung cancer ([@b0030], [@b0110], [@b0140], [@b0235]), presumably because SLT comes in contact with the mouth, and not the lungs. People who correctly believe SLT and snus are less harmful than cigarettes are more likely to use those products ([@b0010], [@b0065], [@b0085], [@b0205]), suggesting that such misperceptions---regardless of the source---may prevent smokers from switching to SLT and snus.

Education about the relative harms associated with different tobacco products has the potential to correct misperceptions ([@b0020]). Communicating relative risk information to consumers can improve understanding and support changes in tobacco use that are expected to reduce health risks ([@b0210]), such as switching completely to snus in lieu of continuing to smoke.

The [@b0045], which gave the US Food and Drug Administration (FDA) regulatory authority over tobacco products, provided that tobacco companies could apply for authorization to communicate accurate relative risk information to the public, through the modified-risk tobacco product application ([@b0185]). As part of such an MRTPA, a modified-risk communication or advertisement is proposed, and consumer risk perceptions are assessed following exposure to the communication. It must be demonstrated that consumers---regardless of their experience with tobacco---understand key concepts in the communication that bear on the MRTPA's potential impact on public health; for example, that quitting is the best option for cigarette smokers, that a modified-risk tobacco product (MRTP) is less risky than cigarette smoking but not completely safe, and that non-users of tobacco should not start using tobacco. The latter two concepts exemplify messages that need to be understood by non-tobacco users, as well as by current tobacco users.

As part of the evidence submitted to the FDA in support of an MRTPA for Camel Snus, the current study assessed comprehension and risk perceptions among US adults---including current cigarette smokers (who could benefit from switching to snus) and non-users of tobacco (i.e., former and never tobacco users, who could be harmed by initiating snus)---following exposure to an advertisement that included modified-risk information. The objectives were to assess comprehension of the MRTP messages and compare risk perceptions both across tobacco products and for diseases mentioned in the advertisement. While differences across tobacco user groups were not the focus of the analyses, the sample did include respondents with diverse tobacco use status to ensure representation of the entire population.

2. Methods {#s0010}
==========

2.1. Sample {#s0015}
-----------

Participants were US adults drawn from the Research Now[2](#fn2){ref-type="fn"} national consumer panel, a demographically diverse online panel of three million individuals. Adults ages 18 and older who were legally eligible to purchase tobacco where they lived were surveyed in June and July of 2015. Quota sampling was implemented to ensure representation across key demographic groups (i.e., gender, age, race/ethnicity, education level, and geographic region) in each of three distinct tobacco user groups---current cigarette smokers (n = 896), former tobacco users (n = 1,526), and never tobacco users (n = 1,500). The data were weighted to match the US population on those demographic variables using the Annual Social and Economic Supplement to the Current Population Survey (March 2014) and the Tobacco Use Supplement to the Current Population Survey (TUS-CPS; January 2011).

Assessment of tobacco use history included not only cigarettes, but the full range of tobacco products. Current cigarette smokers were defined as those who smoked at least 100 cigarettes in their lifetime ([@b0015]) and smoked cigarettes "every day" or "some days" at the time of the survey. Former tobacco users had been established users of one or more tobacco products (i.e., used at least 100 times in their lifetime) but did not use any tobacco at the time of the survey. Never tobacco users reported never using any tobacco product, even once or twice.

In accordance with the Code of Federal Regulations 45 Part 46.101.b, which dictates that survey research that is anonymous or does not solicit subject-identified sensitive information that could harm participants is considered exempt ([@b0175]), the study was not reviewed by an institutional review board.

2.2. Procedures {#s0020}
---------------

Panelists who responded to online invitations were assessed for demographic characteristics and tobacco use history. Participants were then shown an advertisement for Camel Snus that included modified-risk information, general information about the product and its use, and balancing information intended to communicate that less risk does not mean no risk and to caution against use by unintended populations (Supplemental Fig. 1). The advertisement included three color images that appeared one above the other on the same screen. The bottom fifth of each image included one of four government-mandated warning labels for SLT ([@b0195]), which were randomly rotated. See Supplemental Table 1 for the information in the advertisement.

2.3. Measures {#s0025}
-------------

Following exposure to the advertisement, respondents were asked a series of questions (Supplemental Table 2) largely adapted from published literature ([@b0075], [@b0125], [@b0135]). The first four questions assessed comprehension of the modified-risk information. This was followed by questions on risk perceptions, which included both direct and indirect approaches to assess the absolute and relative risks of snus, as some research suggests that these different approaches may produce dissimilar results ([@b0145], [@b0215]). First, participants were asked a direct comparison question ([@b0145], [@b0215]) about the health risks of snus relative to cigarettes; this question asked respondents to characterize the risk associated with snus as (a) the same risk as continuing to smoke, (b) less risk than continuing to smoke, (c) no health risk at all, or (d) I don't know. These assessments were made separately for the four diseases (lung cancer, respiratory disease, heart disease, and oral cancer) mentioned in the advertisement. Respondents were instructed to answer these initial risk perception questions based on what the advertisement communicated. The next questions asked for quantitative ratings of the absolute risks for snus, cigarettes, and other SLT products, respectively, on a 1--7 scale, for each of the four diseases, as well as for "generally poorer health" and "addictiveness," based on respondents' beliefs, allowing for an indirect comparison of relative risk ([@b0215]). A subsequent question asked whether snus reduces the risk of other smoking-related diseases not mentioned in the advertisement (yes/no), and the last two questions asked respondents to identify the true statement (from two oppositely worded statements) about (1) the safety of snus compared to nicotine replacement therapy (NRT) and (2) the safety of snus compared to quitting tobacco entirely. Following completion of the questions, the Newest Vital Sign health literacy test ([@b0225]) was administered.

Comprehension and direct comparison questions appeared directly below the advertisement (on the same screen), so that respondents could scroll between the questions and the advertisement. This follows the practice recommended by the FDA for assessing comprehension of consumer drug labels ([@b0180]), which focuses on documenting what consumers understand upon viewing the label, rather than what they recall or how the label changed their beliefs.

2.4. Data analyses {#s0030}
------------------

The analyses are primarily descriptive. Comparisons focus on differences in risk perceptions of different tobacco products and diseases, rather than differences among the tobacco user groups; however, broad trends across the three tobacco user groups are described. Where comparisons were made, tests of significance were done using an alpha level of p \< 0.05. Analyses were conducted using SAS 9.4. Percentages are weighted, and Ns represent unweighted counts.

3. Results {#s0035}
==========

3.1. Sample demographics {#s0040}
------------------------

[Table 1](#t0005){ref-type="table"} presents the weighted demographic characteristics of the sample. Overall, 65.6% of respondents were non-Hispanic White and 11.6% were non-Hispanic Black; 35.3% of the sample had limited health literacy. Among current cigarette smokers, 78.7% smoked every day and 21.3% smoked some days; 7.3% reported dual/poly use of cigarettes, snus, and/or SLT. Among former tobacco users, 91.2% reported past use of cigarettes, 3.7% had used snus, and 13.7% had used SLT.Table 1Demographic characteristics of the sample.Total Sample (N = 3,922)Current Cigarette Smokers (n = 896)Former Tobacco Users (n = 1,526)Never Tobacco Users (n = 1,500)Gender Male46.8%54.0%56.0%40.4% Female53.2%46.0%44.0%59.6%  Age (years) 18--247.3%5.5%2.8%10.1% 25--3015.7%16.4%9.9%18.7% 31--5033.6%38.1%31.7%33.8% 51 and older43.4%40.0%55.6%37.4%  Race/Ethnicity Non-Hispanic White65.6%76.4%73.8%59.1% Hispanic or Latino14.9%7.4%11.3%18.4% Non-Hispanic Black11.6%11.4%8.8%13.1% Non-Hispanic Asian or other race7.9%4.8%6.1%9.4%  Education High school or less41.7%62.2%37.3%40.2% Some college28.9%31.2%28.5%28.6% Bachelor's degree or more29.4%6.6%34.2%31.2%  Health Literacy Adequate literacy64.7%56.7%70.3%63.2% Limited literacy35.3%43.3%29.7%36.8%  Geographic Region Northeast18.3%15.3%18.0%19.0% Midwest21.2%25.5%21.8%20.0% South36.9%41.6%36.0%36.6% West23.6%17.7%24.2%24.4%

3.2. Assessment of absolute risk perceptions, and indirect assessment of relative risks {#s0045}
---------------------------------------------------------------------------------------

[Fig. 1](#f0005){ref-type="fig"} displays the tobacco user groups' ratings---based on respondents' beliefs---of the impact of snus, other SLT products, and cigarettes on the risk of developing the four diseases mentioned in the advertisement (i.e., lung cancer, respiratory disease, heart disease, and oral cancer). The mean risk ratings assigned by current cigarette smokers, and former and never tobacco users for each disease were similar. Across each of these groups, mean risk ratings for cigarettes were always the highest and generally near the top of the scale (designated as "substantial risk"); risk ratings for snus for each of the four diseases were always significantly lower than those for cigarettes and other SLT (p's \< 0.0001; see Supplemental Table 3); and all risk ratings were approximately at or above the midpoint of the 1--7 scale. Even the lowest mean risk rating for snus for any disease (respiratory disease risk rating of current smokers, 3.9) reflected an expectation of substantial risk. The risk ratings for oral cancer were consistently the highest (p's \< 0.0001 \[see Supplemental Table 4\] compared to other diseases; range = 5.6--5.8).

As seen in [Fig. 1](#f0005){ref-type="fig"}, the patterns noted above for risk perceptions of the three products (i.e., snus, SLT, and cigarettes) were similar across the three tobacco user groups for each disease. Within each of the groups, and for each of the risks, all between product comparisons were highly significant (p's \< 0.0001; see Supplemental Table 5). The one exception was in evaluation of oral cancer risk of SLT compared to cigarettes, where current cigarette smokers evaluated those risks as similar (p = 0.50), former tobacco users thought SLT carried more risk than smoking (p \< 0.05), and never tobacco users thought SLT carried less risk (p \< 0.003), but these variations were small. As seen in [Fig. 1](#f0005){ref-type="fig"}, the patterns across products were highly similar across tobacco user groups for the other diseases and risks.Fig. 1Ratings (1--7 scale) of the health risks of snus, other smokeless tobacco products, and cigarettes across the three tobacco user groups.

3.3. Direct assessment of relative risk perceptions {#s0050}
---------------------------------------------------

Respondents were asked to characterize the health risks presented by snus as the same as cigarettes, less than cigarettes, or having no risk at all---separately for each of the four diseases---based on information communicated in the advertisement ([Fig. 2](#f0010){ref-type="fig"}). Approximately 60% of respondents in each of the three tobacco user groups indicated that, compared to cigarettes, snus presented less risk of lung cancer, respiratory disease, and heart disease; the percentages that offered the same assessment of less risk were significantly lower for oral cancer (p's \< 0.0001; see Supplemental Table 6). The modified-risk information was not recognized or accepted by some respondents, with 15.4%--26.9% in each of the three groups reporting that snus and cigarettes presented the [same]{.ul} risk for lung cancer, respiratory disease, and heart disease. The risk reduction for snus was most often doubted for oral cancer, with 33.7%--42.0% indicating that snus presented the same risk for oral cancer as cigarettes.Fig. 2Perceptions of the health risks of snus relative to continuing to smoke cigarettes across the three tobacco user groups.

For each disease, \<13% in each tobacco user group reported that snus presented no risk at all (this figure was significantly lower for oral cancer \[range = 1.5%--3.3%\] across the three groups; p's \< 0.0004 compared to the other three diseases \[see Supplemental Table 7\]). Similarly, for each disease respectively, approximately 10% did not know how to characterize the risk of snus compared to cigarettes. Respondents giving "don't know" answers were most often never tobacco users, less often former tobacco users, and least often current cigarette smokers, suggesting such answers increased with decreasing engagement with tobacco products.

### 3.3.1. Differential risk perception ratings by disease {#s0055}

The advertisement mentioned reduced risk for four diseases, and although the advertisement did not explicitly distinguish the risk reductions by disease, respondents appeared to do so in their risk ratings. In the indirect assessment of risk ([Fig. 1](#f0005){ref-type="fig"}), respondents in each of the three tobacco user groups consistently rated the risk of oral cancer with snus higher (p's \< 0.0001; range of risk ratings = 5.6--5.8; see Supplemental Table 4) than that of the respiratory conditions (lung cancer = 4.1--5.1; respiratory disease = 3.9--5.0), with heart disease intermediate (range = 4.8--5.4). While respondents rated the risk of snus lower than that of cigarettes and other SLT for all four diseases (all p's \< 0.0001), the comparison was much narrower for oral cancer than for the other three diseases. In each of the three tobacco user groups, the highest risk ratings were given for cigarette smoking for all diseases except oral cancer, where other SLT was rated similarly to cigarette smoking ([Fig. 1](#f0005){ref-type="fig"}).

Respondents also differentially assessed the risk of oral cancer with snus as greater than the risk of the other three diseases in the direct measure of relative risk ([Fig. 2](#f0010){ref-type="fig"} provides risk estimates by tobacco user group, from which overall estimates are determined). Across all three tobacco user groups, 36.1% believed the risk of oral cancer with snus use was the same as that associated with continuing to smoke cigarettes; this was significantly higher than risks assigned for the other three diseases (20.1% for lung cancer, 20.4% for respiratory disease, and 24.3% for heart disease; p's \< 0.0001 \[see Supplemental Table 8\]). Further, about 8.0% believed that snus presented no risk at all for lung cancer and respiratory disease, respectively, while only 2.5% perceived no risk for oral cancer (p's \< 0.0001; see Supplemental Table 9).

3.4. Risk perceptions for diseases not included in the modified-risk advertisement {#s0060}
----------------------------------------------------------------------------------

To assess whether respondents generalized the modified-risk information to other diseases, respondents were asked about the risk reduction potential of snus for diseases "not mentioned in the advertisement." Across the three tobacco user groups, 14.5%--22.2% reported that snus reduces the risk of other smoking-related diseases not discussed in the advertisement, 32.1%--38.4% disagreed, but a plurality (45.7%--52.0%) were unsure ([Table 2](#t0010){ref-type="table"}).Table 2Comprehension of the information about using Camel Snus for current cigarette smokers (n = 896), and former (n = 1,526) and never (n = 1,500) tobacco users.**"Does Camel Snus reduce the risk of other smoking-related diseases that are not discussed in the ad?"YesNoDon't know/Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers22.2%\
(18.8%--25.6%)32.1%\
(28.4%--35.8%)45.7%\
(41.8%--49.7%)Former tobacco users17.1%\
(14.9%--19.3%)30.9%\
(28.3%--33.5%)52.0%\
(49.2%--54.8%)Never tobacco users14.5%\
(12.5%--16.5%)38.4%\
(35.6%--41.1%)47.1%\
(44.3%--49.9%)  **"Is Camel Snus, which contains nicotine, addictive?"YesNoDon't know/Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers85.6%\
(82.9%--88.4%)3.6%\
(2.2%--5.0%)10.8%\
(8.3%--13.3%)Former tobacco users87.9%\
(86.0%--89.9%)2.7%\
(1.8%--3.7%)9.3%\
(7.6%--11.0%)Never tobacco users77.7%\
(75.3%--80.1%)8.3%\
(6.6%--9.9%)14.0%\
(12.0%--16.0%)  **"Is quitting the best choice for a smoker who is concerned about the health risks from smoking?"YesNoDon't know/Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers90.9%\
(88.6%--93.3%)3.7%\
(2.3%--5.2%)5.4%\
(3.5%--7.2%)Former tobacco users93.1%\
(91.6%--94.6%)3.8%\
(2.7%--4.9%)3.2%\
(2.1%--4.2%)Never tobacco users83.6%\
(81.5%--85.8%)8.6%\
(7.0%--10.2%)7.8%\
(6.2%--9.4%)  **"Should adults who do not use or who have quit using tobacco products start using Camel Snus?"YesNoDon't know/Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers7.6%\
(5.4%--9.8%)80.4%\
(77.1%--83.7%)12.0%\
(9.3%--14.7%)Former tobacco users3.9%\
(2.8%--5.0%)87.8%\
(85.9%--89.8%)8.3%\
(6.6%--9.9%)Never tobacco users4.6%\
(3.4%--5.8%)82.7%\
(80.5%--84.9%)12.7%\
(10.8%--14.6%)

Respondents were also asked---based on their beliefs---to rate (1--7 scale) the impact of snus, cigarettes, and other SLT on the risk of developing "generally poorer health." [Fig. 1](#f0005){ref-type="fig"} shows that for each of the three tobacco user groups, respectively, the mean risk ratings for snus were lower than those for cigarettes and other SLT (p's \< 0.0001; see Supplemental Table 10). The risk ratings indicate respondents thought snus carried greater risk for generally poorer health than for lung cancer, respiratory disease, and heart disease (p's \< 0.0001; see Supplemental Table 11); the risk was seen as closest to that for oral cancer, though generally slightly lower.

3.5. Perceptions of the addictiveness of snus, cigarettes, and other smokeless tobacco {#s0065}
--------------------------------------------------------------------------------------

Respondents' risk ratings for the addictiveness of snus were very high, ranging from 5.92 to 6.16 on the 7-point scale, which was higher than the risk ratings for the four diseases (p's \< 0.0001; [Fig. 1](#f0005){ref-type="fig"} \[see Supplemental Table 12\]). In all three tobacco user groups, snus was perceived---based on respondents' beliefs---as less addictive than cigarettes and other SLT products; the product differences were small but reliable (p's \< 0.0001; see Supplemental Table 13).

Addictiveness of snus was also assessed by asking "Is Camel Snus, which contains nicotine, addictive?", mirroring statements made in the modified-risk advertising. Understanding that snus is addictive is important for all three tobacco user groups, and majorities in each group (77.7%--87.9%) responded that snus is addictive, though never tobacco users were most likely to answer incorrectly (8.3%) or to say they did not know if snus is addictive (14.0%; [Table 2](#t0010){ref-type="table"}).

3.6. Comprehension of information about reducing health risks {#s0070}
-------------------------------------------------------------

There was good comprehension in the specific tobacco user group(s) for whom particular information is most germane. As shown in [Table 3](#t0015){ref-type="table"}, a majority of current cigarette smokers (80.9%) understood that smokers should "stop smoking completely and use Camel Snus instead" to receive a health benefit, while few indicated that snus should be used while continuing to smoke (5.8%). Similarly, a large majority of current cigarette smokers (90.9%) correctly understood that "quitting is the best choice for a smoker who is concerned about health risks from smoking", with small proportions indicating the wrong answer (3.7%) or unsure of the correct response (5.4%) ([Table 2](#t0010){ref-type="table"}). Finally, 70.0% of current cigarette smokers and 73.9% of former tobacco users correctly responded that "Camel Snus is [NOT]{.ul} a safer alternative than quitting tobacco entirely"; 20.1% and 13.6%, respectively, answered incorrectly ([Table 4](#t0020){ref-type="table"}).Table 3Comprehension of the information about receiving a health benefit with Camel Snus for current cigarette smokers (n = 896), and former (n = 1,526) and never (n = 1,500) tobacco users."According to the ad, what do smokers need to do in order to receive a health benefit from using Camel Snus?"Stop smoking completely and use Camel Snus insteadContinue to smoke but use Camel Snus as wellDon't know/Not sure%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers80.9%\
(77.8%--84.1%)5.8%\
(3.8%--7.8%)13.3%\
(10.6%--15.9%)Former tobacco users85.2%\
(83.2%--87.3%)2.1%\
(1.4%--2.9%)12.6%\
(10.7%--14.5%)Never tobacco users74.7%\
(72.2%--77.2%)3.5%\
(2.4%--4.6%)21.8%\
(19.5%--24.2%)Table 4Comprehension of the information about Camel Snus as a safer alternative for current cigarette smokers (n = 896), and former (n = 1,526) and never (n = 1,500) tobacco users for the true/false questions."Which of the following statements is true?"\
**Camel Snus is a safer alternative than quitting tobacco entirely.Camel Snus is [NOT]{.ul} a safer alternative than quitting tobacco entirely.**\
**Don't know / Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers20.1%\
(17.0%--23.2%)70.0%\
(66.5%--73.6%)9.8%\
(7.5%--12.2%)Former tobacco users13.6%\
(11.5%--15.6%)73.9%\
(71.3%--76.5%)12.5%\
(10.6%--14.5%)Never tobacco users12.0%\
(10.1%--13.8%)69.1%\
(66.5%--71.7%)18.9%\
(16.7%--21.2%)  **"Which of the following statements is true?"Camel Snus is a safer alternative than products that used to quit tobacco such as gum, patches, and lozenges.Camel Snus is [NOT]{.ul} a safer alternative than products that used to quit tobacco such as gum, patches, and lozenges.Don't know/Not sure**%\
(95% CI)%\
(95% CI)%\
(95% CI)Current cigarette smokers15.4%\
(12.5%--18.2%)67.4%\
(63.8%--71.1%)17.2%\
(14.3%--20.1%)Former tobacco users10.5%\
(8.7%--12.3%)66.0%\
(63.3%--68.7%)23.5%\
(21.1%--25.9%)Never tobacco users10.4%\
(8.7%--12.1%)61.9%\
(59.2%--64.6%)27.7%\
(25.2%--30.2%)

3.7. Comprehension of other information in the modified-risk advertisement {#s0075}
--------------------------------------------------------------------------

A majority of current cigarette smokers (67.4%) correctly endorsed the statement "Camel Snus is [NOT]{.ul} a safer alternative than products that are used to quit tobacco such as gum, patches, and lozenges", while approximately equal proportions gave an incorrect answer (15.4%) or indicated they did not know the answer (17.2%) ([Table 4](#t0020){ref-type="table"}).

Respondents were asked, "Should adults who do not use or who have quit using tobacco products start using Camel Snus?". Large majorities of never and former tobacco users (the two groups for whom this information is most relevant) responded correctly (82.7% and 87.8%, respectively), while few answered incorrectly (4.6% and 3.9%) ([Table 2](#t0010){ref-type="table"}).

3.8. Comprehension among respondents with limited health literacy {#s0080}
-----------------------------------------------------------------

Results were examined by health literacy status for the six comprehension questions (data not shown). Compared to those with adequate health literacy, respondents with limited health literacy typically showed lower comprehension of the information and were consistently more likely to answer, "don\'t know" (odds ratios ranging from 1.8 to 5.1; p's \< 0.0001 \[see Supplemental Table 14\]). Limited health literacy respondents answered "don't know" 24.2% of the time versus 9.6% of the time for respondents with adequate health literacy (p \< 0.0001; see Supplemental Table 15). Across questions, limited health literacy respondents were more likely to respond, "don\'t know" (averaging 24.2% of the time) than to respond incorrectly (12.0%).

4. Discussion {#s0085}
=============

This study assessed comprehension and risk perceptions after exposure to modified-risk information about Camel Snus, a low nitrosamine SLT product that presents less risk of disease than cigarettes. Although, as expected, comprehension scores were not perfect, strong majorities of current cigarette smokers, and former and never tobacco users understood the various modified-risk and balancing information. The information that smokers who switch completely from cigarettes to snus may greatly reduce their risk of lung cancer, respiratory disease, heart disease, and oral cancer was understood by a majority of respondents in each tobacco user group, with average risk ratings being lower for snus relative to cigarettes and other SLT products ([Fig. 1](#f0005){ref-type="fig"}). The three tobacco user groups showed very similar patterns of responses across the different tobacco products and diseases.

Absolute risk ratings for snus consistently averaged above the midpoint of the 7-point scale, implying perception of considerable risk. Respondents understood that snus presents less risk than cigarettes, but still presents some risk and is not completely safe. Very few considered snus to be without risk ([Fig. 2](#f0010){ref-type="fig"}).

Respondents generally *underestimated* the degree of risk reduction that smokers might gain from switching completely to snus. Experts have assessed that snus use presents about 90% less risk than cigarette smoking ([@b0100]). However, respondents\' absolute risk ratings implied very modest reductions compared to cigarette smoking, thus understating the actual risk reduction, particularly for lung cancer and respiratory disease. Given the explicit statement in the modified-risk information that switching completely from cigarettes to snus reduces the risk of the four diseases, it was striking that, across the four diseases, between one-fifth and one-third of respondents in the various tobacco users groups believed that---based on the information provided---snus presented the *same* risk as continuing to smoke. Respondents likely formulated their responses not only on what they read and understood from the advertisement, but also on their pre-existing beliefs regarding risks of tobacco products, as many people believe SLT products are as harmful as smoking ([@b0065], [@b0085], [@b0090], [@b0105], [@b0155], [@b0220], [@b0235]).

The results also suggested that respondents made distinctions among the four diseases, even though the modified-risk information claimed risk reduction for each disease without distinguishing among them or providing comparative or quantitative information. Intuitively, people believe that because SLT comes in contact with the mouth, its effects on oral cancer must be greater than on respiratory disease ([@b0030], [@b0140]). Conversely, people think of smoking as affecting the lungs, neglecting the fact that smoke passes through the mouth, making cigarette smoking a high risk for oral cancer ([@b0190]). The pattern of results suggests that respondents applied their own beliefs and insufficient understanding of disease, and not just their understanding of the information provided, to assess absolute risks and relative risks.

Thus, the results are consistent with documented public misperceptions about SLT. Given these views, the skepticism with which reduced-risk information is received ([@b0020], [@b0060]), and the fact that the source of the information in this study was an advertisement from a tobacco company (which consumers believe to be less credible than health professionals and other trusted sources of health information \[[@b0025], [@b0130]\]), it is understandable that some respondents continued to believe that snus was as harmful as cigarettes. Modified-risk information may need repetition and endorsement from multiple authoritative sources to become more persuasive and believable to consumers---and to overcome widely held misperceptions---in order to change beliefs and to support changes in tobacco use behaviors.

Consumers hold similar misperceptions about NRT, believing it to be unsafe ([@b0005], [@b0055], [@b0080], [@b0160]). Such misperceptions may have influenced respondents\' uncertainty about whether snus is safer than those medications.

Some respondents (29.3%) in this study did not provide the correct answer or did not know that switching to snus is *not* a safer alternative to quitting tobacco. This may have been because the statement to which they were responding was a negation, which may have made answering a true/false question confusing. Notably, the findings from this study demonstrate that even after exposure to the modified-risk information, large majorities understood that snus should not be used by those who are not already using tobacco. Respondents also understood the statements that quitting smoking is the best choice for smokers, and that snus is addictive.

Generally, comprehension of the modified-risk and balancing information was good across the three tobacco user groups, and there was good comprehension in the groups for whom particular information is most relevant (e.g., current smokers understood that quitting is the best option). Respondents with limited health literacy typically showed lower comprehension, being particularly likely to give "don't know" responses. This is consistent with other studies that have repeatedly demonstrated an association between limited health literacy and lower comprehension of consumer communications, including prescription and over-the-counter drug labels ([@b0040], [@b0150], [@b0230]) and FDA risk communications ([@b0115], [@b0165]). The advertisement communicated a substantial amount of information, which can complicate communications, particularly in a single, brief exposure. Repeated and prolonged exposure, or expression of the modified-risk information in different ways from different sources may improve comprehension among those with limited health literacy.

The results of this study indicate that modified-risk and balancing information can be effectively communicated, without promoting misconceptions such as a belief that snus is completely safe. This suggests that such information could help motivate cigarette smokers to switch to snus, while avoiding attracting non-users of tobacco. Indeed, a companion study also exposed a range of US adults to this modified-risk information and found that interest in snus, and projected use of snus, was greatest among current smokers who could benefit by switching to snus, with low rates of likely use among those who might be harmed by adopting snus ([@b0070]).

4.1. Study strengths {#s0090}
--------------------

This study had considerable strengths. The sample was large, diverse, weighted to match the demographic characteristics of US adults, and included individuals with a range of tobacco use states. The study used questions drawn from the published literature, and evaluated perceived risks using both direct and indirect assessments, with consistent, convergent results. In addition, the study\'s findings were replicated in two very similar executions of this study ([@b0200]).

4.2. Study limitations {#s0095}
----------------------

This study also had limitations, including the fact that the sample was drawn from an online panel, and thus may not be fully representative of the US population. The advertisement was evaluated online, as an on-screen display in a research context; such methods are often used to evaluate communications ([@b0170]), and there is little reason to think results would not generalize to other media. The current study assessed a particular set of modified-risk information; other information might perform differently. However, two studies testing slightly different modified-risk information with the same methods yielded very similar results ([@b0200]), suggesting that the findings are relatively robust to such variations in the information.

The study measured the effects of a single exposure of the modified-risk advertising, as opposed to the effects of multiple advertising exposures over time in the real world. It is possible that repeated exposure over time would lead to improved understanding of the absolute and relative health risks of snus and cigarettes ([@b0020]). The advertisement communicated a great deal of presumably new information about snus and its risk-reduction potential relative to continued smoking. Nonetheless, the results indicate good comprehension of the modified-risk information.

4.3. Conclusions {#s0100}
----------------

Across a broad sample that included representatives of three different tobacco user groups, respondents demonstrated good understanding and application of the modified-risk information and did not develop misperceptions that snus is completely safe. Balanced information about reduced risk may support smokers taking action to reduce the harm from cigarette smoking.
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Supplementary data 2
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In 2017, Research Now merged with Survey Sampling International (SSI) to form Research Now SSI, which was renamed Dynata in 2019.
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